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AIRCRAFT SIMULATOR AND SIMULATED 
CONTROL SYSTEM THEREFOR 

BACKGROUND OF THE INVENTION 

The present invention relates generally to simulators, 
and in particular, to an aircraft ?ight simulator includ 
ing computer-controlled simulated instruments and 
computer-controlled simulated feel for the aircraft con 
trols. 
Use of simulators has been increasing in recent years 

for aircraft ?ight training, for training personnel in the 
operation of vehicles, such as surface ships and subma 
rines, battle tanks, etc., and for training personnel in the 
operation of systems, such as power plants. The use of 
a simulator frees the actual aircraft, vehicle or system 
for use while training is being conducted, and conserves 
fuel which would otherwise be required for the opera 
tion of the actual aircraft, vehicle or system. 
A simulated ?ight instrument display for an aircraft 

simulator system is illustrated and brie?y described in 
“Aviation Week and Space Technology,” Nov. 6, 1978, 
at page 69. The illustrated display includes several simu 
lated ?ight instruments. Both the static and dynamic 
portions of the instruments are generated on a cathode 
ray tube (CRT). 
US. Pat. No. 4,060,915, issued Dec. 6, 1977 to Con 

way, and U5. Pat. No. 3,815,261, issued on June 11, 
1974 to Faconti, J r., disclose aircraft simulator systems 
which include simulated instrument displays. As in the 
above system (described in “Aviation Week and Space 
Technology,” both static and dynamic information is 
generated to be displayed on a CRT or as a photo 
graphic projection upon a screen. 
One disadvantage of prior simulator systems is that 

they typically have complex and accordingly expensive 
electromechanical equipment in order to realistically 
generate the feel of manual control inputs in response to 
a manual command. This tends to make the overall 
simulator such as a ?ight simulator more complex and 
more expensive. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide a 
simulated control system which avoids the aforemen 
tioned and other disadvantages. 

It is another object of the present invention to pro 
vide an improved feel system for the manual controls of 
a simulator system. 

It is still another object of the present invention to 
provide a realistically feeling and yet relatively uncom 
plicated and inexpensive feel system for a simulator. 

It is also an object of the present invention to provide 
an improved system for simulating the feel of the ?ight 
controls of a ?ight simulator. 
Some of the above objects and other objects of the 

invention are achieved in a feel system of a simulator 
such as a ?ight simulator which includes apparatus for 
simulating one or more instruments, indicators and the 
like (hereinafter referred to as “indicator”), each of 
which has a dynamic portion and a static portion, com 
prising means for visually displaying the dynamic por 
tion of each indicator being simulated and an overlay 
disposed adjacent to the displaying means which pro 
vides the static portion of each indicator being simu 
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2 
lated and permits viewing of the dynamic portion of 
each indicator being simulated. 
Means are provided for generating dynamic imagery 

signals representative of different conditions of the dy 
namic portion of each indicator being simulated, and the 
displaying means is coupled to the generating means. 
The displaying means includes a viewing surface on 

or through which the dynamic imagery corresponding 
to the dynamic portion of each indicator being simu 
lated can be displayed. The overlay is disposed adjacent 
to the viewing surface and includes a predetermined 
portion through which the dynamic imagery corre 
sponding to the dynamic portion of an indicator can be 
viewed. The overlay is so disposed and the dynamic 
imagery is so generated that a respective predetermined 
portion of the overlay and the associated dynamic imag 
ery when displayed are in registration. The overlay 
further includes indicia disposed adjacent to the prede 
termined portion and corresponding to the static por 
tion of each indicator being simulated. The overlay 
further includes a remaining portion masking substan 
tially all portions of the overlay except the indicia and 
the predetermined portions in registration with the asso 
ciated displayed dynamic imagery. 
The overlay can comprise ?rst and second overlays. 

The ?rst overlay is disposed adjacent to the viewing 
surface of the displaying means with the ?rst overlay 
including a predetermined portion through which the 
dynamic imagery can be viewed. The ?rst overlay is so 
disposed with respect to the dynamic imagery to be 
displayed to enable the predetermined portion of the 
overlay and the dynamic imagery to be in registration. 
The ?rst overlay further includes indicia which are 
disposed thereon adjacent to the predetermined portion 
and corresponding to the static portion of each indica 
tor being simulated. 
The second overlay is opaque and is disposed adja 

cent to the viewing surface and the ?rst overlay. The 
second overlay has at least one window portion (e.g. 
open or transparent) therein for exposing the indicia and 
the predetermined portion in registration with the dis 
played dynamic imagery, and masks the remainder of 
the ?rst overlay. 
The viewing surface is generally ?at and the ?rst 

overlay is a sheet which can conform to the viewing 
surface. The overlay sheet is preferably in the form of a 
transparency, preferably of plastic, having an opaque 
portion surrounding each transparent portion. The sec 
ond overlay is preferably substantially identical to a 
panel overlaying the apparatus being simulated and can 
comprise a vacuum-formed plastic panel. 
Where a single overlay is utilized, the side of the 

single overlay facing the displaying means is generally 
?at and the side facing away from the viewing means is 
substantially identical to a panel overlaying each indica~ 
tor being simulated. 
The feel system of the invention can be utilized to 

simulate the feel of control inputs for many different 
types of systems. The invention however is illustrated 
and described herein in connection with the simulation 
of an aircraft ?ight control system. The application 
describes and illustrates a ?ight simulator having the 
following aircraft indicators: air speed indicator; atti 
tude gyro; altimeter; ILS indicator; turn coordinator; 
directional gyro; vertical speed indicator; VOR indica 
tor; manifold pressure gauge; tachometer; and ADF 
indicator. . 
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The overlay has indicia representing the static por 
tion of each indicator and the generating means gener 
ates an image of the dynamic portion of each indicator 
to be simulated which is displayed by the displaying 
means. For example, the overlay can have indicia ap 
plied thereto representing: the ?xed markings (scales) of 
an air speed indicator, an altimeter, a vertical speed 
indicator, a manifold pressure gauge, a tachometer, and 
an ADF indicator while the generating means generates 
an image of a movable indicator needle to simulate 
those indicators; the ?xed markings of an attitude gyro 
while the generating means generates an image of a 
movable horizon; the ?xed markings of an instrument 
landing system (ILS) indicator while the generating 
means generates images of a movable crosspointer; the 
?xed markings of a turn coordinator while the genera 
tor means generates an image of a movable ball in a race 
and a movable silhouette of an aircraft; the ?xed mark 
ings of a directional gyro (an aircraft on a heading) 
while the generating means generates an image of a 
movable rotating compass scale; and the ?xed markings 
of a radio direction (V OR) indicator while the generat 
ing means generates an image of the moving portion of 
the indicator. 
The means for generating can include a computer 

which controls image generating and display apparatus 
which can comprise: vector CRT apparatus; bit map 
apparatus; ?ying spot scanner apparatus which can 
include a photomultiplier, a monoscope or a charactron; 
liquid crystal apparatus; plasma apparatus; and PLZT 
ceramic apparatus. 

Providing the static portion of each indicator being 
simulated on the overlay in accordance with the inven 
tion reduces the imagery that must be generated, 
thereby reducing the complexity and cost of the image 
generating system. Additionally, changes can be made 
to the static portion of the indicator being simulated 
without changing any part of the active image generat 
ing system, for example programming or memory. 
Some of the above objects and other objects of the 

invention are achieved in accordance with one aspect of 
the invention by providing a simulator system which 
includes a pilot’s control and display console of an air 
craft and an instructor’s console and in which the sys 
tem provides interaction between controls operated by 
a student pilot, indicators, and flight and aircraft condi 
tions introduced by a computer or an instructor. 
The simulator system of the invention can be used in 

conjunction with apparatus for simulating a movable 
control for a system in which force and movement 
parameters of the control can be varied. Such apparatus 
includes a lever apparatus coupled to a movable control 
element. The lever apparatus comprises a lever having 
?rst and second ends, means for pivoting the lever at a 
point adjustably positioned between the ?rst and second 
ends and means coupled to the second end of the lever 
for resiliently resisting pivoting of the lever. The lever 
apparatus further comprises means for coupling the ?rst 
end of the lever to the control element for moving the 
?rst end of the lever to pivot the lever in response to 
movement of the control element and means for posi 
tioning the pivot means to any one of a plurality of 
adjustable points between the ?rst and second ends of 
the lever to thereby change the fulcrum of the lever and 
the force and distance relationship at the ends of the 
lever, whereby the force required to move the control 
element over a given distance can be controlled to simu 
late the force of operating the system. 
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4 
The means for moving is responsive to conditions to 

be simulated during operation of the system. 
The apparatus can be connected to a computer-com 

trolled system in which the means for adjustably posi 
tioning the pivot means under computer control respon 
sive to conditions to be simulated during operation of 
the system. 
The apparatus can be coupled to a rotatable control 

element such as an aircraft control wheel or to gener 
ally linearly movable control elements such as an air 
craft control wheel or rudder pedals. 
When the apparatus is coupled to a rotatable control 

element, the coupling means couples the ?rst end of the 
lever to the control element for moving the ?rst end of 
the lever in response to rotation of the control element. 
The coupling means can comprise a ?rst wheel con 
nected to the control element to rotate therewith, an 
endless element extending about the ?rst wheel and 
being driven by the ?rst wheel, a second wheel spaced 
from the ?rst wheel and ?xed thereat, the endless ele 
ment extending about the second wheel and permitting 
the endless element to move in response to rotation of 
the ?rst wheel. The second wheel is also rotatably 
mounted and rotates in response to movement of the 
endless element. As disclosed, the ?rst and second 
wheels are sprocket wheels, the endless element is a 
chain and the coupling means includes a bracket se 
cured as part of the endless element to move therewith 
and is pivotally connected to the ?rst end of the lever. 
When the apparatus is coupled to a generally linearly 

movable control element, the coupling means couples 
the ?rst end of the lever to the linearly movable control 
element for moving the ?rst end of the lever in response 
to linear movement of the control element. The cou 
pling means can comprise means for pivotally connect 
ing the ?rst end of the lever to the control element. 
The resisting means of the apparatus, whether the 

apparatus is to be coupled to a rotatable or linearly 
movable control element, can comprise spring means 
connected to the second end of the lever to resist piv 
otal movement thereof. The spring means can comprise 
a ?rst spring having one end connected to the second 
end of the lever and another end ?xed at a point spaced 
from the second end of the lever and located in a direc 
tion of movement of the second end of the lever, and a 
second spring having one end connected to the second 
end of the lever and another end ?xed at a point spaced 
from the second end of the lever and located in another 
direction of movement of the lever opposite to said one 
direction. 
The pivot means for the apparatus whether coupled 

to a rotatable of linearly movable control element can 
comprise a slide bearing slideably movable along the 
lever and a bracket pivotally connected to the slide 
bearing. 
These and other objects, aspects, features and advan 

tages of the invention will be more apparent from the 
following description of the preferred embodiments 
thereof when considered with the accompanying draw 
ings and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of exam 
ple and not limitation in the ?gures of the accompany 
ing drawings in which like references indicate similar 
parts and in which: 
FIG. 1 is a composite view of a simulator apparatus 

according to the invention and includes a front view of 
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a simulated pilot’s control and display console of an 
aircraft, a perspective view of an instructor’s console, 
and a block diagram of a computer system linked to the 
pilot’s console and to the instructor’s console; 
FIG. 2 is an enlarged perspective view of the instruc 

tor’s console of FIG. 1; 
FIG. 3 is a fragmentary section view taken along lines 

3—3 of FIG. 3 and showing an overlay for a CRT 
display with indicia on the overlay; 
FIG. 4 is an enlarged, exploded view, in perspective, 

of the instructor’s console of FIG. 1; 
FIG. 5 is an enlarged plan view of a transparency 

which forms part of the overlay for the indicator dis 
play of the pilot’s and instructor’s consoles of FIGS. 1-4 
and which includes the static indicia of the overlay; 
FIG. 6 is a block diagram of computer-controlled 

image generation and display apparatus utilizing vector 
CRT apparatus for generating and displaying dynamic 
imagery to be displayed on the pilot’s console and on 
the instructor’s console; 
FIG. 7 is a block diagram of computer-controlled 

image generation and display apparatus utilizing bit 
map apparatus for generating and displaying dynamic 
imagery to be displayed on the pilot’s console and on 
the instructor’s console; 
FIG. 8 is a block diagram of computer-controlled 

image generation and display apparatus utilizing ?ying 
spot scanner apparatus which includes photomultiplier 
tube apparatus for generating and displaying the dy 
namic imagery to be displayed on the pilot’console and 
on the instructor’s console; 
FIG. 9 is a block diagram of computer-controlled 

image generation and display apparatus utilizing ?ying 
spot scanner apparatus which includes monoscope ap 
paratus for generating and displaying dynamic imagery 
to be displayed on the pilot’s console and on the instruc 
tor’s console; 
FIG. 10 is a block diagram of computer-controlled 

image generation and display apparatus utilizing ?ying 
spot scanner apparatus which includes charactron appa 
ratus for generating and displaying dynamic imagery to 
be displayed on the pilot’s console and on the instruc 
tor’s console. 
FIG. 11 is a perspective view of the rear of the pilot’s 

console of FIG. 1 depicting a cantilever apparatus 
which according to the invention is coupled to the 
control wheel, to the control column and to the foot 
pedals in order to impart thereto a response and feel 
which corresponds to and therefore simulates the re 
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sponse and feel of an actual wheel, column and pedals of 50 
an aircraft during different actual ?ight conditions; 
FIGS. 12-15 are schematic diagrams of an aircraft 

control column and an aircraft’s elevators which illus 
trate control of the elevators by the control column for 
different ?ight conditions; 
FIG. 16 is a schematic diagram of apparatus accord 

ing to the invention for simulating the response and feel 
of the control column when operating an aircraft’s ele 
vators for different ?ight conditions; 
FIGS. 17-20 are schematic diagrams of the apparatus 

of FIG. 16 depicting different operating positions of the 
apparatus; 
FIGS. 21-24 are schematic diagrams of an aircraft 

control wheel and an aircraft’s ailerons which illustrate 
control of the ailerons by the control wheel for different 
?ight conditions; 
FIG. 25 is a schematic diagram of apparatus accord 

ing to the invention for simulating the response and feel 
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6 
of the control wheel when operating an aircraft’s aile 
rons for different ?ight conditions; and 
FIGS. 26-29 are schematic diagrams of the apparatus 

of FIG. 25 depicting different operating positions of the 
apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring more particularly now to the drawings, 
simulator apparatus in accordance with the invention 
for a Cessna Type 172 RG aircraft is illustrated. It is to 
be understood, however, that the principles of the in 
vention and the invention itself are applicable in and to 
simulators for other types of aircrafts as well as for 
simulating operation of systems other than aircraft. For 
example, the invention is applicable to power plant 
control procedure simulators, nuclear reactor control 
procedure simulators for power plant and other applica 
tions, driver training (e.g. automobile) simulators, earth 
moving and construction equipment simulators, surface 
and submarine ship and boat simulators, vehicle simula 
tors (e.g. battle tank) and others. 

Referring ?rst to FIG. 1, a simulator apparatus is 
depicted for a Cessna Type 172 RG aircraft and in 
cludes a pilot’s control and display console 20, an in 
structor’s console 22 and a computer 24 linked to the 
pilot’s console and to the instructor’s console. 
The pilot’s console includes ?ight controls and air 

craft and avionics indicators. The ?ight controls can 
include the following controls which are designated by 
the indicated reference numerals: 

Control wheel 30 
Control Column 31 
Rudder Pedals 32 
Throttle 33 
Propeller Control 34 
Mixture Control 35 
Carburetor Heat 36 
Magneto Switch 37 
Flap Switch 38 
Pitch Trim (manual) 39 
Rudder Trim (manual) 40 
Cowl Flaps 41 
Circuit Breakers 42 
Master Switch 43 
Gear Switch and Lights 44 
Avionics Master Switch 45 
The aircraft ?ight and engine indicators can include 

the following designated by the indicated reference 
numerals: 

Air Speed Indicator 50 
Attitude Gyro 51 
Altimeter 52 
ILS Indicator 53 
Turn Coordinator 54 
Directional Gyro 55 
Vertical Speed Indicator 56 
VOR Indicator 57 
Manifold Pressure Gauge (MAP) 58 
Tachometer 59 
ADF Indicator 60 
Fuel Pressure Gauge 61 
Exhaust Gas Temperature Gauge 62 
Fuel Quantity Indicators 63 
Oil Pressure Gauge 64 
Oil Temperature Gauge 65 
Cylinder Head Temperature Gauge 66 
Ammeter 67 
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Digital Clock 68 
Flight Hour Recorder 69 
Suction Gauge 70 
Magnetic Compass 71 
The avionics can include the following which are 

designated by the indicated reference numerals: 
Communication Transeivers 72 
VOR Receivers 73 
Nav Indicators 74 
Horizontal Situation Indicator 75 
Transponder Control 76 
ADF Receiver 77 
ADF Indicator 78 
DME Indicator 79 
Three Light Marker Beacon Display 80 
Audio Switch Panal 81 
Although not shown, the simulator apparatus can 

also include an adjustable pilot’s seat, a two-way com 
munication system between the instructor and the stu 
dent through microphones, speakers and/or head sets, 
and means for simulating engine noise as well as the 
sound of wheels during landing. 
The instructor’s console 22 includes the following 

?ight, engine and avionic indicators which are also 
present on the pilot’s console: air speed indicator 50, 
attitude gyro 51, altimeter 52, ILS indicator 53, turn 
coordinator 54, directional gyro 55, vertical speed indi 
cator 56, VOR indicator 57, mainfold pressure gauge 
58, tachometer 59 and ADF indicator 60. 
The instructor’s console also includes a CRT upon 

which appears a split screen display 100 comprising a 
plot of the simulated flight path. The upper portion 101 
of the split screen display, in either real time or in a post 
?ight display, comprises a plan view of the ?ight path 
controlled by the pilot’s console superimposed upon an 
intended ground track. The lower portion 102 of the 
split screen display comprises a presentation of the 
?ight path angle controlled by the pilot’s console super 
imposed on an intended descent pro?le such as a glide 
slope. 
The instructor’s console 22 includes a keyboard 110 

or other input means such as a light pen control on the 
CRT which enables the instructor to control a number 
of training options as described below. Starting at the 
lefthand side of the keyboard 110 (FIG. 2), buttons 111, 
112 and 113 control the progress of the computer pro 
gram of the computer 24 (FIG. 1). The REFLY button 
111 (FIG. 2) returns the computer program to its start 
ing point from any point to which it had progressed. 
The HOLD button 112 stops the progress of the com 
puter program and holds the computer program at the 
point it is stopped. The CONT. button 113 resumes the 
progress of the computer program from the point at 
which it had been held. 

Buttons 114-127 permit the instructor to introduce a 
number of simulated emergencies which may arise dur 
ing a ?ight. The FAIL ELEC button 114 can introduce 
a simulated failure in the aircraft electrical system. The 
HOLD GEAR button 115 can introduce a simulated 
failure of the landing gear operating system, i.e., the 
landing gear is jammed and can not be moved from the 
position it was last in. The HOLD FLAP button 116 
can introduce a simulated failure of the control system 
for the ?aps, i.e. the flaps are jammed and cannot be 
moved from the position they were last in. The FAIL 
MAG button 117 can introduce a simulated failed mag 
neto. FAIL VOR LOC button 118 can introduce a 
simulated failure of the VOR or localizer receiver sys 
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8 
tem. FAIL GS button 119 can introduce a simulated 
failure of the glide slope receiver system. FAIL MAR 
button 120 can introduce a simulated failure of the glide 
slope marker detection system. The FAIL COM button 
121 can introduce a simulated failure in the communica 
tions system. The FAIL DME button 122 can introduce 
a simulated failure in the DME or distance measuring 
eqipment system. The FAIL VAC button 123 can intro 
duce a simulated failure in the aircraft vacuum system. 
The FAIL STATIC button 124 can introduce a simu 
lated failure in the aircraft static pressure ?ight system 
which will result in a decrease in the readings of the 
static indicators which comprise the air speed indicator 
50, the vertical speed indicator 56 and the altimeter 52. 
PITOT ICE button 125 can be used to introduce simu 
lated icing in static or dynamic pressure openings of the 
pitot tube of the aircraft. In the event of a pitot ice 
situation, the pilot would apply corrective action by 
switching to the alternate static system in the aircraft 
and would pull and open the alternate static air source 
knob. Upon activating the alternate static air source 
knob, the indication of the static instruments would 
return to within approximately 5% of their proper read 
ings. To return the static instruments to 100% of their 
proper readings in accordance with the information in 
the pilot’s operating handbook, the pilot must vent the 
cabin by opening the cabin heat and/ or cabin air vents. 
The CARB ICE button 126 can introduce a simulated 
carburetor icing condition. The FUEL LOW button 
127 can be used to simulate an out-of-fuel emergency. 

Buttons 128-136 in the central part of the keyboard 
110 can be used to simulate different wind conditions. 
Buttons OKT, lSKT, 3OKT and 45KT (128-131, respec 
tively) can be used to simulate wind conditions of 0 
knots, 15 knots, 30 knots and 45 knots, respectively. 
Buttons “2000” (133) and “1000” (134) are used to intro 
duce simulated wind shear conditions at altitudes‘ of 
2000 feet and 1000 feet, respectively. A wind shear 
effect is simulated by pressing one of the wind speed 
buutons 128-131 and one of the wind direction buttons 
(144-152). Button 148 simulates a tail wind condition. 
Each of the other wind direction buttons is marked with 
a direction in degrees such as 45°, 90°, 135°, 180°, 225°, 
etc. OFF buttton 132 terminates the simulated wind 
shear condition. Introduction of the automatic wind 
shear effect results in an automatic shift of wind direc 
tion and a change in wind velocity for a selected alti 
tude of 2,000 or 1,000 feet as controlled by the computer 
program. . 

CG ON button 135 is used to introduce a simulated 
shift of the center of gravity of the aircraft which the 
CG OFF button 136 terminates. Below the CG buttons 
135, 136, in the central lower portion of the keyboard 
110, buttons 137-139 are used to provide different air 
craft loading conditions. MIN button 137 provides for a 
minimum aircraft loading; MED button 138 provides 
for a medium aircraft loading; and Max button 139 
provides for a maximum aircraft loading. The center of 
gravity shift of the aircraft as controlled by CG buttons 
135-136 can be used in conjunction with the different 
loading conditions of the aircraft as determined by but 
tons 137-139. 

Further to the right on keyboard 110 are located 
buttons 140-143 for simulating various different air 
turbulence conditions. LT button 141 simulates light 
turbulence; MOD button 142 simulates moderate turbu 
lence; and SEV button 143 simulates severe air turbu 




















